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(54) Vibrating stent for opening calcified lesions 

(57) An intraluminal catheter and stent delivery sys- 
tem (10) using vibratory energy to open calcified lesions 
(43). The catheter having an expandable stent (40) 
mounted on a balloon portion (13) thereof, is adapted to 
convey vibratory energy through the stent to a calcified 
lesion to facilitate crossing and dilating the lesion during 
a PTGA procedure. A vibratory energy source (53) is 


transmitted through a flexible wire (50) to provide vibra- 
tory energy to the stent, which in turn provides vibratory 
energy to a calcified lesion to thereby at least partially 
pulverize the lesion and assist in crossing and dilating 
the body lumen. 
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Description 

The invention relates generally to percutaneous 
transluminal cxjronary angioplasty (PTCA) In which a 
dilatation catheter is used to cross a lesion and dilate s 
the lesion area to restore blood flow to the artery More 
specifically, the invention relates to a catheter and stent 
assembly adapted to provide vibratory energy to assist 
in crossing and dilating calcified lesions. 

In typical PTCA procedures, a guiding catheter hav- 10 
ing a pre-shaped distal tip is percutaneously introduced 
into the cardiovascular system of a patient and 
advanced until the pre-shaped distal tip thereof is dis- 
posed within the aorta adjacent to the ostium of the 
desired coronary artery, TTie guiding catheter is twisted is 
or torqued from the proximal end to turn the distal tip of 
the guiding catheter so that it can be guided into the cor- 
onary ostium. A dilatation catheter having a balloon on 
its distal end and a guide wire slidably disposed within 
an inner lumen of the dilatation catheter are introduced 20 
into and advanced through the guiding catheter to Its 
distal tip. The distal tip of the guide wire is usually man- 
ually shaped (i.e., curved) before the guide wire is intro- 
duced into ttie guiding catheter along with the dilatation 
catheter. The guide wire is first advanced out the distal 2s 
tip of tfie guiding catheter into tiie coronary artery of the 
patient, and torque is applied to tiie proximal end of the 
guide wire, which extends out of the patient, to guide the 
curved or ottiennrise-shaped distal end of the guide wire 
as the guide wire is advanced within the cororiary anat- 30 
omy until the shaped distal end of the guide wire enters 
the desired artery. The advancement of the guide wire 
within the selected artery continues until its distal end 
crosses the lesion to be dilated. The dilatation catheter 
then is advanced out of the distal tip of the guiding catti- 3S 
eter, over the previously advanced guide wire, until the 
balloon on the distal extremity of the dilatation catheter 
is properly positioned across the lesion. Once properly 
positioned, the dilatation l[>alioon is inflated to a prede- 
termined size with radiopaque liquid at relatively high 40 
pressures (e.Q.. 3.95-1 1 .84 bars (4-1 2 atmospheres)) to 
dilate the stenosed region of the diseased artery. The 
balloon then is deflated so that tiie dilatation catheter 
can be removed from the dilated stenosis and blood 
flow can resume through the dilated artery. 45 

Further details of guiding catheters, dilatation cath- 
eters, guide wires, and other devices for angioplasty 
procedures can be found in U.S. Patent No. 4,323,071 
(Simpson-Robert); US. Patent N. 4.439,185 (Lun- 
dquist); U.S. Patent Na 4.468,224 (Enzmann et al.); so 
U.S. Patent No. 4,516.972 (Samson); U.S. Patent No. 
4.438.622 (Samson et al.); U.S. Patent No. 4.554.929 
(Samson et al.); U.S. Patent No. 4.582.185 (Samson); 
U.S. Patent No, 4,616,652 (Simpson); U.S. Patent No, 
4,638.805 (Powell); U.S. Patent No. 4.748.986 (Morri- 55 
son et al.); U.S. Patent No. 4.898.577 (Badger et al.); 
and European Patent No. 0321 796 (Taylor et aL). 

Several notak)le improvements have recentiy been 


made in balloon angioplasty catheters. One such modi- 
fication, commonly refen-ed to as a rapid-exchange 
catheter, is described in European Patent Na 274129 
(HorzewsW et al.). wherein a short sleeve or inner lumen 
at least about 10 cm in length is provided within tiie dis- 
tal section of the catheter body which extends from a 
first port proximal to the balloon to a second port in the 
distal end of the catheter and which is adapted to slida- 
bly receive a guide wire. The proximal port is not less 
than about 10 cm and not more than about 40 cm from 
tiie distal end of the catheter. Preferably, a siit is pro- 
vided in tiie catheter body extending from tiie proximal 
port to a location proximal to the proximal end of the bal- 
loon to fadlitate the rennoval of the catheter from the 
proximal end of the guide wire which extends out of the 
pattern. 

Another modification, which was introduced into the 
marketplace Isy the assignee of tiie present application 
(Advanced Cardiovascular Systems. Inc.). is perfusion- 
type dilatation cattieters which allow for long-term dila- 
tations to repair arterial dissections and otiier arterial 
damage. These perfusion catheters have a plurality of 
perfusion ports in the wall forming at least part of the 
catheter body proximal to the t>ailoon which are in fluid 
communication with an inner lumen exterxJing to the 
distal end of the catiieter body. A plurality of perfusion 
ports are preferat>ly provided in the catheter body distal 
to the balloon which are also in fluid communication with 
the inner lumen extending to the distal end of the cathe- 
ter body. When the balloon on the distal extremity of the 
dilatation catheter is inflated to dilate a stenosis, oxy- 
genated blood in tiie artery or tiie aorta or both, 
depending upon the location of tiie dilatation catheter 
within the coronary anatomy, is forced to pass through 
the proximal perfusion ports, through ttie inner lumen of 
the catheter body and out the distal perfusion ports. 
This provides oxygenated blood downstream from the 
inflated balloon to thereby prevent or minimize ischemic 
conditions in tissue distal to the catheter to thereby fadl- 
itate long-term dilatations. As a result, care should be 
exercised in sizing the perfusion ports and tiie inner 
lumen to ensure that there is adequate flow of oxygen- 
ated blood to tissue distal to the catiieter to eliminate or 
minimize ischemic conditions. Commercially available 
perfusion catheters generally have relatively large pro- 
files due to the size of the inner tubular member which 
extends through the interior of tiie balloon which pre- 
vents their use in many distal coronary locations. 

A major and on-going tfirust of development work in 
the field of intravascular catheters, particularly coronary 
angioplasty catheters, has been to reduce ttie profile. 
Lfi» transverse dimensions, of the aforementioned cath- 
eters and to improve the flexibility thereof without detri- 
mentally affecting the pushability. particularly in the 
distal portion of such catheters. A reduction in profile 
with little or no loss in pushability allows a dilatation 
catheter to be advanced much further into the coronary 
vasculature of a patient and to cross much tighter 
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lesions. 

While the foregoing methods and devices are suita- 
ble In most instances to perform PTCA, especially the 
prior art low-profile catheters, there exist certain condi- 
tions which preclude or at least make PTCA procedures s 
extremely difficult to perform with the prior art devices. 
For example, when the stenosis (or lesion) In the coro- 
nary artery is a near total occlusion, or when the plaque 
is calcified and essentially blocking almost all blood 
flow, conventional guide wires and dilatation catheters 10 
are unable to cross the stenosis. Complications also 
can arise if the physician tries to force the guide wire or 
dilatation catheter through the plaque. Very often, 
plaque has only one opening through which blood flows, 
but there are a number of fissures in the plaque. If the 15 
physician tries to force the guide wire through a tight 
lesion, and instead the guide wire follows one of the fis- 
sures, then the artery might be perforated as the guide 
wire follows the fissure instead of the blood flow path. 
Assuming the guide wire and t>alloon can cross the ste- 20 
nosis, hard lesions may have calcium in them and typi- 
cally will require very high balloon pressures to "crack" 
the lesion and restore blood fk>w. 

Assuming the guide wire is able to cross a tight 
lesion, there Is no guarantee the dilatation catheter will 2s 
be able to aoss. and even if it does cross, it may be dif- 
ficult or dangerous to the patient to inflate the dilatation 
balloon at high pressures. The prior art devices offer no 
solution to this problem of tight lesions, other than to 
withdraw the guide wire and catheter and tiien consider 30 
alternative procedures such as cardiopulmonary brass 
surgery. Preferred embodiments of the invention are 
intended to cross neariy occluded arteries and allow the 
balloon to dilate a calcified lesion more easily and at 
lower pressures. 35 

SUMMARY OF THE INVgNTIDM 

Particular errbodiments of the invention provide a 
catheter and stent assembly adapted to open calcified 40 
lesions using vityatory energy. 

An intravascular catiieter assembly emtxxlying the 
invention includes an elongated tubular member with 
proximal and distal ends and an expandatMe member 
(balloon) near the distal end. An intravascular stent is 4S 
mounted on the balloon and is crimped down in a first 
collapsed condition. The balloon and stent are posi- 
tioned at a stenosed region that is difficult to cross and 
formed of a calcified or otherwise hardened plaque. A 
flexible elongated member, such as a wire, extends so 
from outside the patient, tiirough the catiieter, and its 
distal end is positioned near or is in contact with the 
stent. A vitxatory energy source, exterior of the patient, 
provides vibratory energy along the flexible wire to the 
stent. The vibratory energy transferred to the stent ss 
vibrates the hardened plaque making it easier for the 
balloon-and-stent portion of the catheter assembly to 
dilate the lesion. The vibrating even may partially break 


up or pulverize tiie plaque into small particles which 
harmlessly will be can-ied away with increased blood 
fbw. 

The vibratory energy can be supplied by ultrasound 
energy tiiat provides continuous energy, pulsed energy, 
or irregular, non-repetitive energy waves to the flexible 
wire and hence to the stent The vibratory energy 
source also can be a mechanical device that produces 
suffidently high frequency vibrations to transmit energy 
along tiie flexible wire to the stent and ttius to ttie plaque 
region. 

It is desirable to removably attach the flexible wire 
to tiie stent, so that after the l^lloon and stent have 
aossed the lesion and the stent has been implanted in 
tiie coronary artery, ttie wire can be detached from the 
implanted stent and the catheter assembly witti tiie wire 
withdrawn from the patient 

In one embodiment, the vibratory energy is gener- 
ated by an audio sound generating devk;e which trans- 
mits sound waves ttirough tiie inflation fluid in the 
inflation lumen in the catheter. After inflation fluid » 
injected into the inflation lumen and partially into the 
balloon, the audio energy source provides vikxatory 
energy to the inflation fluid and hence to the balkwn and 
stent mounted thereon. The vit>ratory energy again per- 
mits the balloon and stent to crack the plaque and more 
easily dilate the lesion, and may even pulverize a por- 
tion of the plaque in the procesa 

In the preferred method of using the vibratory 
energy to help dilate the stenosed region, the catheter, 
with the stent mounted thereon, is first positioned witiiin 
the stenosed region. A vibratory energy source is sup- 
plied to tiie stent while it is in its collapsed condition on 
tiie balloon portion of the catiieter, tfiereby transmitting 
at least a portion of the vtoratory energy ttirough ttie 
stent and into the stenosed regton. As the stenosed 
region begins to break up and otiienwrse provide more 
of an opening for the distal end of the catiieter and the 
stent the catheter can be advanced distally so ttiat the 
talloon and stent are completely positioned witiiin ttie 
stenosed region. A continued supply of vibratory energy 
vtnll facilitate the expansion of the balloon and stent and 
tiie opening of the body lumen to permit blood flow 
tiierethrough. At the end of the procedure the balloon 
portion of ttie cattieter is deflated and ttie cattieter and 
balloon are withdrawn from the body lumen, leaving ttie 
stent implanted to assist in holding open the lumen. 

In particular there is provided a method for impart- 
ing vibratory energy to plaque forming a stenosed 
region In a body lumen, the method comprising: provid- 
ing a generally tubular and radially expandable stent 
having a first collapsed condition and a second 
expanded condition; positioning the stent in the col- 
lapsed condition in contact with the stenosed region; 
supplying vibratory energy to ttie stent while in ttie col- 
lapsed condition, thereby transmitting at least a portion 
of the vibratory energy through the stent and into ttie 
stenosed region; and expanding the stent to ttie second 
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expanded condition to dilate the body lumen In the area 
of the stenosed region. 

Advantageously the vibratory energy is generated 
by an ultrasound device. 

Alternatively the vibratory energy is generated by a s 
mechanical devioe. and is transmitted to the stent 
through a control wire removably attached to the stent 
and thereby transmitted to the stenosed region of the 
body lumen. 

According to another arrangement there is provided io 
a method for inpartfng vibratory energy to plague form- 
ing a stenosed region in a body lumen, the method com- 
prising: providing a catheter having a distal end, a 
proximal end. an expandaljle region at the catheter dis- 
tal end. and a fluid lumen extending through the cathe- is 
ter and in fluid communication witii the expandable 
region: providing a generally tubular and radially 
expandable stent having a first collapsed condition and 
a second expanded condition; the stent being mounted 
on the expandable region in the first collapsed condi- 20 
tion; positioning the stent and the expandable region in 
their respective collapsed condition in the stenosed 
region; inserting an inflation liquid into the expandable 
region to partially expand tiie expandable region and 
the stent into contact with the stenosed region; supply- 2s 
ing ultrasound energy to the inflation liquid in the 
expandable region thereby transmitting vibratory energy 
to the stent in its partially expanded condition, and 
thereby further transmitting at least a portion of the 
vibratory energy to tiie stenosed region; expanding the 30 
stent further to the second expanded condition to dilate 
the stenosed region of said body lumen; deflating the 
expandable region; and withdrawing the cattieter and 
the expandable region from tiie body lumen. 

These and ottier advantages of the invention will 35 
become more apparent from the following detailed 
description of the invention when taken in conjunction 
with the acconpanying exemplary drawings. 

BRIEF DESCRIPTION OF TMt = DRAWIfMQR 40 

FIGURE 1 is an elevational view, partially in sec- 
tion, of a prior art dilatation catheter known as a rapW- 
exchange-type catheter. 

FIG. 2 is an elevational view, partially in section, of 4S 
a prior art dilatation catheter having perfusion capabili- 
ties. 

FIG. 3 is a cross-sectional view of a catheter and 
stent assembly embodying features of the invention. 

FIG. 4 is a transverse, cross-sectional view of the so 
catheter shown in FIG. 3 taken along lines 4-4. 

FIG. 5 is a transverse, cross-sectional view of the 
cattieter shown in FIG. 3 taken along lines 5-5. 

FIG. 6 is a transverse, cross-section view of the 
catheter shown in FIG. 3 taken along line 6-6. ss 

FIG. 7 is an elevational view, partially in section, of 
a rapid-exchange-type cattieter embodying features of 
the invention. 


Fia 8 Is an elevational view, partially in section, of 
a rapid-exchange-type cattieter depicting a vibratory 
energy source for vibrating an expandable stent 

DETAILED DESCRIPTION OF THE PRgPgRRpp 
EMBODIMENTS 

FIG. 1 illustrates a prior art rapkJ-exchange-type dil- 
atation catheter 10 for use In PTCA procedures which 
allows for ttie exchange of a cattieter while ttie guide 
wire remains in place wittiin tiie arterial system of a 
patient to avoid loss of the arterial position. This dilata- 
tion catheter is typical of ttie types of cattieters used to 
open tight lesions or partially occluded lesions. Another 
prior art cattieter, as shown in FIG. 2, also can open 
tight lesions, and has the added feature of being able to 
perfuse blood while tiie balloon portion of ttie catheter is 
expanded during ttie PTCA procedure. When the prior 
art catheters are unable to expand or open a tight or 
hardened lesion, ttie present invention can be 
employed. 

Referring to FIGS. 3-7. a preferred embodiment of 
ttie cattieter and stent system using vibratory energy is 
depicted. The cattieter 10 generally comprises an elon- 
gated cattieter shaft 11. an inflation lumen 12 adapted 
to direct inflation fluid from the proximal end of the cath- 
eter shaft to ttie interior of an inflatable balloon 13 on a 
distal portion of the catheter shaft and a guide wire- 
receiving inner lumen 14 extending ttierein from ttie 
proximal end of ttie catheter shaft to a first gukJe wire 
port 1 5 in the distal end of the catheter shaft A second 
guide wire port 16 which is also In communication with 
ttie guide wire lumen 14, is provided in the wall forming 
at least in part cattieter shaft 1 1 at a location of about 
1 0-50 cm from the distal end of the cattieter shaft and a 
substantial distance from the proximal end of the cathe- 
ter shaft 

As shown in FIGS. 3-7, tiie proximal section 17 and 
the distal section 18 of the cattieter shaft 11 are of a 
dual lumen construction witti ttie inflation lumen 12 and 
guide wire-receiving lumen 14 having circular trans- 
verse cross-sections. The inflation lumen 12 terminates 
at the proximal end of the balfoon 1 3 and is in f lukJ com- 
munication with the interior of the balloon. A tubular 
extension 20 of ttie catheter shaft 11, which defines in 
part the guide wire-receiving lumen 14. extends to ttie 
distal end of the cattieter shaft 1 1 . The distal end of ttie 
balloon 13 is sealingly secured to ttie distal end of ttie 
extension 20 by suitable means such as heat bonding or 
an adhesive. The inflation lumen 12 wittiin the proximal 
section 17 preferably is provided witti a supporting inner 
tubular member 21 formed of a high strength material 
such as a polyamide. stainless steel, or a suitable 
superelastic nickel-titanium (NiTi) alloy The distal part 
23 of the supporting inner tubular member 21 may be 
formed of a tubular stock with a thinner wall as shown in 
FIG. 6. The proximal waist 22 of the balloon 13 is 
secured in a suitable manner, such as heat bonding or 
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by an adhesive, to the exterior of the distal section 18 of 
the shaft 11. 

A proximal section 17 of the catheter shaft 11 is 
provided with a proximal slit 24, which extends from the 
proximal end of the shaft 1 1 to a tocation proximal to the 
guide wire guiding member 25. This construction is typ- 
ical of a convertible over-the-wire/rapid exchange cath- 
eter. The distal catheter shaft section 18 also is 
provided with a distal slit 26. which extends from the 
second or proximal guide wire port 16 to a location 27 
proximal to the proximal waist 22 of the balloon 13. 

A guide wire 28, which is slidably disposed within 
the inner guide wire lumen 14, has a coil 29 on its distal 
end, which is shown in FIG. 3 extending out of the first 
guide wire port 15, and an elongated core member 30, 
which is shown extending through the guide wire-receiv- 
ing lumen 14 and out of the second guide wire port 16, 
as would be utilized in a rapid exchange nrxxie. A 
replacement guide wire 31 is shown within the guide 
wire lumen 14 in the proximal portion of the catheter 
shaft 11. 

A multi-arm adapter 32, which is provided on the 
proximal end 17 of the catheter shaft 11. has one arm 
33 with an inner lumen 34 which is adapted to introduce 
inflation fluid into the inflation lumen 12 and a second 
arm 35 with an inner lumen 36 which is adapted to 
receive the replacement guide wire 31 to be guided into 
the guide wire receiving lumen 14 within the catheter 
shaft 11. The proximal end of the catheter shaft 11 is 
provided with an insert 37 which fits into the interior of 
the adapter 32 as shown. The second arm 35 of adapter 
32 is provided with a slit 38 and the insert 37 is provided 
with a slit 39, t)oth of the slits being continuous with the 
slit 24 and the proximal section 17 of the catheter shaft 
11. A portion of the insert 37 sealingly connects the 
inner lumen 34 with the inner inflation lumen 12 witNn 
the catheter shaft 1 1 . The insert 37 may be formed as a 
separate element arxJ then secured to the proximal end 
of the catheter shaft 1 1 or it may be formed as part of 
the catheter shaft 

As depicted in FIQ. 3. the balloon 13 is in its 
deflated state to provide a low profile for crossing tight 
lesions. An expandatMe stent 40 is mounted on the bal- 
loon 13, usually by compressing the stent by known 
means so that it is tightiy compressed onto the balloon. 
A protective sheath 41 Is provided to cover the stent 40 
and protect the body lumen 42 from any sharp edges on 
the stent 40, and to help secure the stent 40 to the bal- 
loon 13. The protective sheath 41 is particulariy impor- 
tant when advancing a catheter past a tight calcified 
lesion 43 as depicted in FIG. 3. Protective sheaths 41 
are known in the art and are more fully described in 
commonly-owned European Patent Application Na 
92101355.3 (Klemm et al.). If a protective sheath is 
used with a rapid exchange catheter, tiie sheath will 
require a slit for the guide wire to pass through, and an 
opening where tiie guide wire exits the catheter, at 
guide wire port 16. 


An depicted in FIGS. 3-7. a means is provided for 
supplying vibratory energy to the stent (and hence to 
the calcified lesion 43). A flexible wire 50 is provided for 
removable connection at its distal end 51 to the stent 40. 

5 The proximal end 52 of the flexible wire is connected to 
vibratory energy source 53 located external to ttie 
patient. The vibratory energy source can be an ultra- 
sound device that imparts continuous energy to the flex- 
ible wire 50, or it can impart pulsed energy to ttie f lexS^le 

JO wire 50. The flexible wire 50 can be any metallic wire, 
such as stainless steel or nickel titanium, for example, 
which materials are capable of transmitting vibratory 
energy The frequency of the vibratory energy is a mat- 
ter of choice and depends on numerous factors, indud- 

75 ing the hardness of calcified lesion 43 and other 
conditions specific to individual patients. It also is envi- 
sioned tiiat ttie vibratory energy source 53 alternatively 
provide inregular, non-repetitive energy waves to flexible 
wire 50. which waves then are transmftted to tiie stent 

20 40 and to the calcified lesion 43. 

The distal end 51 of the wire 50 can be adhesively 
bonded to the balloon 13 and then the stent 40 can be 
crimped onto the balloon over the wire 50. After the 
vibratory energy is provided and the lesion is dilated. 

25 tiie stent remains implanted while the balloon is deflated 
and, along with ttie wire 50. the catheter is removed 
from the patient 

In another emtxxliment of the invention, depicted in 
FIG. 8. ttie vibratory energy source 53 provides vibra- 
to tory energy in the form of audio sound waves. The audk> 
sound waves are transmitted from the vibratory energy 
source 53 through the inflation fluid in the inflation 
lumen 12. The inflation fluid will transmit audio sound 
waves ttirough to the balloon 13 and to the stent 40. 

3S which then will transmit at least partial vibratory energy 
to the calcified lesion 43. 

In keeping with a preferred method of use. a cathe- 
ter system embodying the invention can be inserted into 
the patient in conventional rapid exchange fashion, with 

40 tiie guide wire 28 pre-loaded wHhin the inner lumen 14 
in the distal section 18 of the catheter shaft and extend- 
ing proximally out of the proximal guide wire port 16. 
Alternatively, a catheter system enrtoodying the inven- 
tion can be inserted in a conventional over-the-wire 

45 fashion, with the guide wire extending through the entire 
length of the guide wire lumen 14 and out the second 
arm 35 of the adapter 32. The guide wire 28 and the 
catheter 10 are advanced into the body lumen 42. e.g.. 
one of the coronary arteries, and the conrt)ination is 

so advanced to a point up to tiie calcified lesion 43. As is 
depicted in FIG. 3. the catheter and guide wire further 
are advanced to be positioned wfthin tiie calcified lesion 
43 prior to inflation of the k>alloon 13. Thereafter the l)al- 
loon 13 is inflated, which will expand the stent 40 and 

55 dilate the calcified lesion 43. As the dilatation procedure 
commences, vibratory energy from the vibratory energy 
source 53 is transmitted through the flexible wire 50, or 
audio sound waves are transmitted through the inflation 
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lumen (FIG. 8) to assist in partially pulverizing the cald- 
fied lesion 43, and making inflation of the balloon and 
stent an easier process. As the t)alloon 13 and the stent 
40 become fully expanded, as shown, for example, in 
FIG. 7, the calcified lesion 43 has been expanded radi- 5 
ally outwardly and, because of the vibratory energy 
transmitted through the stent 40, the calcified lesion 43 
has been at least partially pulverized and disintegrated. 
After the body lumen 42 is dilated and the stent 40 is 
fully expanded and implanted, the balloon 1 3 is deflated w 
by withdrawing the inflation fluid, and the catheter and 
guide wire are withdrawn from the patient. 

The catheter body 11 can be formed by conven- 
tional techniques, ao. by extrusion from materials 
which already are knowwi to be useful in maWng intra- is 
vascular catiieters. such as polyethylene, polyvinyl chlo- 
ride, polyesters and composite materials. The various 
components of the catheter can be joined by a suitable 
adhesive such as the acrylonitrile-based adhesive sold 
under the tradename "LOCTITE 405" by the Loctite 20 
Corporation. Heat shrinking or heat bonding also may 
be employed where appropriate. 

The size of the catheter body 11 and of the guide 
wire-receiving-inner lumen 14, to a large extent, are 
determined by the size off the guide wire 28 and replace- 2s 
ment guide wire 31 to be employed and the size of the 
artery or other body lumen through which the catheter 
must pass. The catheter body 1 1 is sufficiently long to 
extend from outside the proximal end of a guiding cath- 
eter to a stenosis to be treated within the vascular sys- 30 
tern of the patient (or other desired location in the body 
of the patient), from about 100 to 150 cm when a Sled- 
inger approach through the femoral artery is employed 
to introduce the catheter 10 into the vasculature. The 
wall forming the catheter must be of sufficient thickness 3s 
and strength so that it can be pushed over the guide 
wire 28 (or replacement guide wire 31) to the desired 
location within the blood vessel. 

It is to be understood that while PTCA procedures 
have been discussed herein In connection with particu- 40 
lar emtxxdiments of the invention, any body lumen can 
be treated using the described method and apparatus. 
Thus, embodiments of the invention can be used to treat 
calcified or tight lesions in arteries, veins, blood vessels, 
coronary arteries, carotid arteries, peripheral veins, bile 45 
ducts, the aorta, and virtually any body lumen. 

While the invention has been described herein in 
terms of certain presently preferred embodiments 
directed to catheters for opening calcified lesions arid 
for implanting a stent therein, those skilled in the art will 
recognize that the catheter of the invention may be used 
in a variety of txxly lumens. Further, although a rapkl- 
exchange and perfusion-type catheter was described 
herein, other types of catheters, such as over-the-wire 
catheters, can be employed for use with the invention for 
vibrating calcified lesions. Other modifications and 
improvements may be made to the invention without 
departing from the scope thereof. 


Claims 

1 - An apparatus (1 0) for imparting vibratory energy to 
a stenosed region (43) in a body lumen (42), com- 
prising: 

a generally tubular and radially expandable 
stent (40) having a first collapsed condition and 
a second expanded condition, and adapted to 
be positioned in contact witii the stenosed 
region (43) of ttie body lumen (42): 
a source of vibratory energy (53); and 
a flexible elongated member (11.50) having a 
proximal end (17,52) and a distal end (18,51) 
and coupled at ttie proximal end exterior of the 
body to the energy source (53) and at the distal 
end to the stent (40), whereby vibratory energy 
from the source (53) is ti-ansmitted tfirough the 
flexible elongated member (11.50) and the 
stent (40) to ttie stenosed region (43). 

2. The apparatus of claim 1, wherein the vibratory 
energy is generated by an ultrasound device. 

3. The apparatus of eitfier of claims 1 or 2, wherein 
the ultrasound device imparts continuous energy to 
ttie flexible elongated member (1 1,50) and tiie stent 
(40) and therefore to the stenosed region (43): 

4. The apparatus of eittier of claims 1 or 2. wherein 
the ultrasound device imparts pulsed energy to the 
flexible elongated member (11,50) and ttie stent 
(40) and ttierelbre to the stenosed region (43). 

5- The apparatus of eittier of claims 1 or 2, wherein 
the ultrasound device imparts irregular, non-repeti- 
tive energy waves to tfie flexible elongated member 
(1 1 .50) and ttie stent (40) and therefore to the sten- 
osed region (43). 

6- The apparatus of claim 1, wherein the vibratory 
energy is generated by a mechanical vibratory 
device (53). and wherein ttie flexible elongated 
member is a control wire (50) coupled to ttie stent 
(40). 

7. The apparatus of daim 6. wherein the control wire 
(50) is removably coupled to the stent (40). 

50 8. The apparatus of claim 1, wherein the vbratory 
energy is generated by an audio sound generating 
device (53), and wherein the flexible elongated 
member is an inflation lumen (12) of an elongated 
catheter shaft (11). 

55 

9- The apparatus of claim 1 . wherein the stent (40) is 
configured to be permanentiy implanted in the body 
lumen (42). 
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10. The apparatus of claim 1. wherein the stent (40) is 
configured to be removably implanted in the body 
lumen (42). 

11. The apparatus of claim 1. wherein the stent (40) is 
configured to be temporarily positioned in the body 
lumen (42). 

12. The apparatus of claim 1. wherein the distal end 
(18.51) of the flexible elongated member (1 1 ,50) is 
attached to the stent (40). 
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13. The apparatus of claim 1, wherein the distal end 
(18.51) of the flexible elongated member (1 1 .50) is 
adjacent the stent (40). but not in physical contact is 
with the stent (40). 

14. The apparatus of claim 1, wherein the distal end 
(18.51) of the flexible elongated member (1 1 .50) is 

in physical contact with the stent (40). 20 

15. An apparatus (10) for imparting vit>ratory energy to 
a stenosed region (43) In a body lumen (42). com- 
prising: 

25 

a generally tubular and radially expandable 
stent (40) having a first collapsed condition and 
a second expanded condition, and adapted to 
be positioned in contact with the stenosed 
region (43) of the body lumen (42); 30 
a vibratory energy source (53) for providing 
vibratory energy; 

a catheter having a distal end (18). a proximal 
end (17). an expandable region (13) at the 
catheter distal end. and a fluid lumen (12) 3S 
extending through the catheter and in fluid 
communication with the expandable region, the 
stent (40) being mounted on the expandable 
region (13) in the first collapsed condition; and 
a flexible elongated member (50) having a 40 
proximal end (52) and a distal end (51). the 
flexible elongated member (50) coupled at the 
proximal end (52) exterior of the body to the 
vibratory energy source (53), and the flexible 
elongated member distal end (51) terminates 4S 
within the expandable region (13), wheret^y 
inflation liquid is introduced through the fluid 
lumen (12) to expand the expandable region 
(13) and thereby expand the stent (40) from the 
first collapsed condition, to the secorxJ so 
expanded condition, and whereby vibratory 
energy from the vibratory energy source (53) 
transfers at least some of the vibratory energy 
through the inflation fluid in the expandable 
region (1 3) to the stent (40) and therefore to the ss 
stenosed region (43). 

16. The apparatus of claim 15, wherein the vibratory 


energy is generated by an ultrasound device. 

17. The apparatus of claim 16. wherein the ultrasound 
device imparts continuous energy to the flexfoie 
elongated member (50) and therefore to the sten- 
osed region (43). 

1& The apparatus of claim 16. wherein the ultrasound 
device imparts pulsed energy to the flexible elon- 
gated member (50) and therefore to the stenosed 
region (43). 

ia The apparatus of claim 16. wherein the ultrasound 
device imparts irregular, non-repetitive energy 
waves to the flexible elongated member (50) and 
therefore to tiie stenosed region (43). 

2a A method of Imparting vibratory energy to a stent 
(40), the method comprising: 

providing a generally tubular and radiafly 
expandable stent (40) having a first collapsed 
condition and a second expanded condition; 
and 

supplying vibratory energy to the stent while in 
the collapsed condition, the vibratory energy 
being generated by an ultrasound device (53). 

21. A method of imparting vibratory energy to a stent 
(40). the method comprising: 

providing a generally tubular and radially 
expandable stent (40) having a first collapsed 
condition and a second expanded condition; 
and 

supplying vibratory energy to the stent while in 
the collapsed condition, the vibratory energy 
being generated by a mechanical device (53), 
and transmitted to the stent (40) through a con- 
trol wire (50) removably attached to the stent 

22. A method of imparting vibratory energy to a stent 
(40), the method comprising: 

providing a catheter having a distal end (18). a 
proximal end (17), an expandable region (13) 
at the catheter distal end. and a fluid lumen 
(12) extending through the catheter and in fluid 
communication with the expandable region; 
providing a generally tubular and radially 
expandable stent (40) having a first collapsed 
condition and a second expanded condition; 
the stent being mounted on the expandable 
region in the first collapsed condition; 
inserting an inflation liquid into the expandable 
region (13) to at least partially expand ttie 
expandable region and the stent (40); and 
supplying ultrasound energy to the inflation liq- 
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uid in the expandable region thereby transmit- 
ting vibratory energy to the stent in its at least 
partially expanded condition. 
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